The Naval Air Warfare Center, China Lake, under the direction of the DOD LFT&E Office performed a series of HPM tests for the purpose of exercising the HPM methodology for LFT&E applications. An AH-1S Cobra helicopter was used as the canonical test bed. The Air Force Research Lab (formally Phillips Lab) provided the wide-band source and the Army Research Lab provided the narrow-band used in the tests. LLNL provided the EM diagnostics used at the site for both test series. Our mission was to measure the radiated field from the sources, measure the fields inside the helicopter and the coupling onto various signal lines inside the helicopter, and to monitor the various system signal levels for "bird health" purposes. These experiments were performed during June of 1997 and consisted of exposing the test bed to a series of narrow-band and wideband pulses from HPM sources.
This report covers the measured radiated fields, the fields inside the helicopter, and the coupled signal levels. The radiated fields were measured over a region which spans the physical body of the helicopter. The fields inside the helicopter and the coupled fields were measured using a series of probes inside the helicopter and connected to the outside measurement system using fiber-optic cables. The helicopter effects data are presented in the main China Lake report.
This test was sponsored by the Live Fire Test and Evaluation (LFT.&E) Office which is part of the Office of Test and Evaluation (OT&E) under the Office of the Secretary of Defense. The test consisted of an HPM test suite performed in FY97 at the China Lake Junction Ranch test facility. The test facility, Junction Ranch, NAWC, operated by the Radar Cross Section Outdoor Branch, Electronic Combat Range, at the Naval Air Warfare Center Weapons Division, China Lake, California, was selected as the location to conduct this test and China Lake served as the test director for these tests. The AH1s Cobra Helicopter was selected as the test object for these tests since it was available and was used in a similar capacity as part of the previous modeling validation experiments performed in FY96 at the same facility. The prime focus the HPM tests performed during FY97 was not to cause effects on the Cobra but the evaluate the test methodology used during the testing.
Two HPM sources (narrow-band and wide-band) were be used to illuminate the helicopter during which the fluence levels and effects were recorded. The plan involved the coordination of activities between NAWC, Lawrence Liver-more National Laboratory (LLNL), the Air Force Research Lab (AFRL, formally Phillips Lab), and the Army Research Lab (ARL). NAWC was the prime for this testing, LLNL provided diagnostics and RF measurements, AFRL and ARL provided the sources.
The testing consisted of exposing the helicopter to energy from the pulser, measuring the transmitted waveforms, measuring the energy inside the helicopter, measuring the energy coupled to various signal lines inside the helicopter, and observing the effects on the helicopter. One objective of the test sequence that could not be accomplished (due to source and scheduling problems) was the monitoring of the analog waveforms on the various signal lines during exposure. These kinds of measurements would be part of a general LFT&E measurement however since they provide the only mechanism for monitoring during an "upset" condition and provide the only indication of "bird health" for those instruments that do not have direct feedback to the crew. Other parts of the original test plan were greatly abbreviated due to scheduling as the testing proceeded during the weeks.
The transmitted waveforms for the ARL narrowband pulser are shown below. Although this was a pulsed-CW pulser, the data were recorded in the time domain to be consistent with the measurements that LLNL performed on the AFRL pulser the previous week. The spectrum of the ARL narrow-band waveform is shown below and was qualitatively confirmed by ARL's monitoring of their source's spectrum during the testing. 0.00 1.00 2.00 9.00 FEeQuenEy coaz 1 Figure 22 . spectrum of the ARL waveform ( Figure 21 ) for 1.32 GHz. The peak in this graph is at 1.334 GHz.
COUPLED WAVEFORMS
The probes that were inside the helicopter acquired waveforms during the ARL narrow-band testing only UNCLASSIFIED since no coupling measurements were made on the helicopter using the wide-band AFRL source. Additionally, only ROSe-On illumination at 0 degrees was used during the narrow-band testing. Since the probes were in the aft section of the helicopter, and the antenna beamwidth was only a few meters, and the front sections shielded the aft sections, then there was not sufficient S/N to determine the field strengths.
SAFETY
Since LLNL personnel access to the helicopter needed to occur during the field mapping, adequate precautions were maintained to insure that both physical and electromagnetic safety guidelines were followed.
For physical safety, the requirements of Naval Air Warfare Center, China Lake, Naval Weapons Center (Instruction 5100.6C, Safety and Industrial Hygiene Manual), and the Lawrence Livermore National Laboratory, (LLNL Health and Safety Manual, UCRL-MI-118839) were observed. Special notes and operating guidelines were outlined in detail in the operations document for the tower and include physical access guidelines for the tower, rotation of the aircraft on the tower, operations of personnel while on the tower with the aircraft, and physical hazards imposed by cabling running to/from the tower platform. Since this tower is specifically designed not to interfere with the electromagnetic wavefront, then the amount of physical barriers that were possible was limited, thus access to the tower platform will be limited to essential personnel. In practice, the access to the top of the tower was limited only to China Lake operations personnel and LLNL electronics technicians using the bucket truck and harnesses.
For electromagnetic safety reasons, precautions were taken to ensure that unintentional exposure and incidental exposure would be in accordance with the limits in LLNL's Health and Safety Guidelines3'4. It was not the intent of the testing to intensionally radiate personnel. The following summary is reproduced here for reference purposes only:
Fiber optic system
The following information is provided for documentational purposes. Since timing of the transient wide-band pulses is important, the lengths (hence the travel times) of the fiber optic cables were measured.
The above table shows the lengths of cables for the analog I/O system that was used. The cables were specified to be 1.3 km (the lengths were surprisingly accurate) and the shortest cable from the group was chosen to be the trigger cable. The trigger cable provides the master trigger from the transmitted waveform. The trigger signal had to arrive at the LLNL trailer 90 ns before the data signals. With a cable propagation of 4.98 ns/m, the trigger signal arrived 95 ns (plus the positional placement air propagation factor and the difference in delays in the equipment boxes) before the first data signal.
The data and control lines for the white RF telemetry boxes were composed of both single-mode and multi-mode fibers. The control lines constitute the digital communication between the instrumentation trailer and the boxes. These lines control the multichannel capability of the boxes.
The fiber optic lines from the telemetry boxes connected to the LLNL instrumentation trailer via the 1.3 km fiber optic cables. The system response of the telemetry box plus the fiber optic system is shown below: cn1 Figure 24 . system response of fiber-optic telemetry system with 1.3 km of fiber-optic cable and the Veritech amplifier (#87,88) shows a flat frequency response (to within 2 dB) above 400 MHz.
and represents the system response from the RF input port of the telemetry box to the RF output port of the fiber-optic system. This output was then fed into the transient digitizers or the network analyzer as appropriate.
Linearity curves
The high frequency linearity of the RF telemetry system is shown in Figure 25 and is a plot of the output voltage (ordinate) vs. the input voltage (abscissa). During the helicopter testing, RF pads were added to the input lines to keep the input voltage in the highly linear region from -0.3 to +0.3 volts yielding an output in the -1.5 to +1.5 volts range. These pads were then backed out of the final calculation. This figure shows the response curves for telemetry link systems #l (green squares) and #3 (brown diamonds). The amplifiers built into the system provide for the high output levels.
The electric field at a measurement point a distance d along the ground plane from the apex experiences an electric field intensity given by' ': "ANT Ee = 0.8269. d For reference, the number 0.8269 is a characteristic of the facility and comes from Intan~ 2 where t3nc is 47.25 degrees that corresponds to the 49.652 input (60 In cot Ohc / 2) and has been verified experimentally over the years.
This allowed the calibration of the probes used during the HPM testing to be mapped to absolute electric field strength. In the low frequency portion of the spectrum (< 3GHz) these Ddot probes operate in their differentiating regime and have a response of the forrrQ2:
where K is the slope in frequency space. Combining these terms yields Ee = Is2,1 . Harmonic distortion for CW data For the CW measurement sequence, the harmonic distortion in the white telemetry box was measured. Figure 30 shows the fundamental frequency (-1.3 GHz) and a harmonic at twice the fundamental (-2.6 GHz) which is about 20 dB below the primary signal. 0.00 2.00 4.00 Fr.3auePcy (oae) Figure 30 . harmonic distortion of the telemetry system for CW operation is low. The fundamental is at 1.3 GHz and the harmonic at 2.6 GHz is about 20 dB lower.
Internal probe calibration
The calibration data for the single ended Ddot probes #33 (left) and #36 (right) are shown in the following figures. The calibration coefficients for these probes are shown in the subsequent table; note especially the change in the distance parameter:
